Aims: To describe the use of emergency coronary angiography (CAG) and primary percutaneous coronary intervention (PCI) and the association with short-and long-term survival in consecutive comatose survivors after out-of-hospital cardiac arrest (OHCA). Methods: In the period 2004−10, a total of 479 consecutive patients with OHCA of suspected cardiac cause were referred to a tertiary cardiac centre, 360 patients were comatose and admitted to the ICU for post-resuscitative care. The population was stratified in two groups according to the pattern of the first ECG obtained after re-established circulation; ST-segment elevation (STEMI, n=116) and ECG without STEMI pattern (No-STEMI, n=244). Emergency CAG (≤12 hours after OHCA) was performed at the discretion of the attending cardiologist. Primary outcome was 30-day and 1-year survival. Results: Emergency CAG was performed in all patients in the STEMI group compared to 82 (34%) in the group without STEMI pattern (p<0.0001) with significant coronary lesions found in 108 (93%) compared to 43 (52%) patients, respectively (p<0.0001). Survival at 30 day according to emergency CAG vs. no emergency CAG was 65% in the STEMI group compared to 66% and 54% in the group without STEMI pattern (p log-rank =0.11). The use of emergency CAG in the group without STEMI pattern was not associated with reduced mortality (HR adjusted =0.69, 95% CI 0.4−1.2, p=0.18). Conclusions: In comatose survivors of OHCA presenting with STEMI, a high prevalence of coronary disease and culprit lesions suitable for emergency PCI was found, whereas in patients without STEMI pattern, significant coronary stenosis was less frequent. Clinical benefits of emergency CAG/PCI in comatose survivors of OHCA presenting without STEMI could not be identified.
Introduction
The treatment of comatose survivors of out-of-hospital cardiac arrest (OHCA) from cardiac causes has evolved in recent years with more efficient prehospital management and implementation of therapeutic hypothermia which has been associated with improved outcome in terms of both survival and cerebral outcome. 1−4 Coronary artery disease, defined as stenosis of more than 50% in major coronary arteries, is present in 58−70% of patients, depending on the initial ECG. 5, 6 Emergency coronary Emergency coronary angiography in comatose cardiac arrest patients: do real-life experiences support the guidelines? angiography (CAG), and thus an opportunity for emergency percutaneous coronary intervention (PCI), is established and widely implemented as first-line treatment in patients with ST-segment elevation myocardial infarction (STEMI) complicated with OHCA. It is less clear whether OHCA patients presenting with other ECG patterns benefit from emergency CAG and subsequent revascularization. 7 The 2010 guidelines for resuscitation have emphasized the use of early invasive strategy after OHCA when coronary pathology is suspected. But selection of patients with high likelihood of coronary artery disease may be challenging as the initial obtained ECG and history of chest pain seem to be poor predictors of occlusive coronary disease, and the ECG may in some cases only be slightly abnormal despite extensive coronary disease. 8 The proportion of patients without an indication for emergency revascularization or lesions suitable for emergency PCI is increased in non ST-elevation ECG patterns compared to STEMI. 6 Guidelines recommend immediate CAG when life-threatening ventricular arrhythmias or haemodynamic instability are present. 9 Furthermore nonspecific ECG changes are often seen early after OHCA. Finally, intracranial haemorrhage is an example of a clinical scenario associated with various non-specific ECG changes, where emergency CAG and antithrombotic treatment could even be fatal. 10 Therefore the benefits and potential complications of emergency CAG and emergency PCI in consecutive patients should be balanced against a less invasive strategy.
This study reports a large centre experience on the association between revascularization strategy and survival in consecutive comatose survivors of OHCA admitted to a tertiary cardiac centre for advanced post-resuscitation care including hypothermia treatment.
Materials and methods

Patient population
The Copenhagen University Hospital, Rigshospitalet is a tertiary cardiac centre and offers 24-hour cardiology service including invasive coronary and surgical interventions. Copenhagen, the capital of Denmark covers 97 km 2 and has approximately 525,000 inhabitants, increasing during daytime by 20%. Patients suffering cardiac arrest in central Copenhagen and in the greater area of Copenhagen (population 820,000) are treated by the mobile emergency care unit (MECU) and referred to the nearest available hospital after return of spontaneous circulation (ROSC). Patients presenting with ST-elevation in ECG were referred directly to Rigshospitalet for emergency CAG/PCI and post-resuscitative care. The MECU system runs a 24/7 service and has been described in detail elsewhere. 11 In addition patients resuscitated after OHCA in need for specialized treatments are transferred from hospitals in the region of Zealand (approximately 820,000 inhabitants) from up to 150 km away if urgent CAG is indicated.
This study prospectively included consecutive patients, 18 years or older, who were admitted to the Copenhagen University Hospital Rigshospitalet with sustained ROSC after OCHA in the period from 1 June 2004 to 31 December 2010. All patients presenting with ST-segment elevation were received in the catheterization laboratory for emergency CAG. An ST-segment elevation was defined as an elevation of ≥2 mm in precordial leads in men and ≥1.5 mm in precordial leads in women or ST-segment elevation ≥1 mm in two contiguous leads in standard leads. 12 New-onset left bundle branch block was considered an equivalent to STEMI. The No-STEMI group was defined as all other ECG patterns without significant ST-segment elevation. Decision on timing of CAG in the No-STEMI group was made by the attending physician. Emergency CAG was defined as CAG within 12 hours of the cardiac arrest. Late CAG (≥12 hours and ≤30 days) was performed in survivors with good cerebral outcome after post-resuscitative care.
Patients were excluded from the analysis for Glasgow Coma Scale (GCS) ≥9 upon admission or presence of cardiogenic shock defined as hypotension with sustained systolic blood pressure (SBP) <80 mmHg for more than 30 min or administration of inotropes to maintain SBP >80 mmHg and signs of organ hypoperfusion. Patients with cardiogenic shock were excluded because of a well-known serious prognosis and because the SHOCK trial suggested benefit of emergency CAG and early revascularization. 13 Data regarding cardiac arrest, including initial arrhythmia, witnessed arrest, whether bystander cardiopulmonary resuscitation (CPR) was administered, comorbidities if any, and initial ECG changes, were systematically collected upon admission according to the Utstein guidelines. 14 
ICU treatment protocol
All comatose survivors were admitted to the cardiac intensive care unit (ICU) for intensive care to optimize haemodynamic and metabolic parameters. General treatment goals were mean arterial pressure (MAP) 65−100 mmHg, heart rate of 40−90 bpm, central venous pressure of 6−12 mmHg, and diuresis >1.5 ml/kg/h. Therapeutic hypothermia was administered according to guidelines as soon as possible upon arrival at the emergency department. 15 Hypothermia was induced by infusion of 30 ml/kg of 4°C Ringer's solution and surface cooling continued in the ICU using an external cooling system (Allon Thermowrap; MTRE, Israel and Emcools Flex.Pad; Austria). Target core temperature was 32.5−33.5°C and was maintained for 24 h with subsequent active rewarming by 0.5°C per hour until normothermia (37°C) was achieved.
Coronary angiography
CAG was performed via femoral access in all patients. All coronary lesions resulting in a ≥50% reduction in luminal diameter by visual estimation or presence of acute thrombus were described. The general revascularization strategy in patients with STEMI and 1-vessel disease was PCI of culprit lesion, PCI in STEMI with multivessel disease was performed in the culprit vessel when it could safely be identified while other significant lesions were revascularized in elective phase.
In No-STEMI patients PCI was performed in all stenosis suitable for PCI, but long and complex PCI procedures in chronic total occlusions were avoided in the acute phase.
Coronary intervention was defined as successful if it resulted in residual stenosis of <50% and a thrombolysis in myocardial infarction (TIMI) grade III flow.
Outcome
Vital status of patients included in the present study was obtained by linkage to the Danish Central Personal Registry using the unique personal identification number of the patients in September 2011. Data on censoring (emigration) was also available from the registry. Patients with foreign nationality were censored upon discharge from hospital. Short-term survival was assessed after 30 days and at discharge from hospital. Long-term survival was assessed after 1 year in all patients.
Neurological outcome was assessed using the 5-item scale Cerebral Performance Category (CPC) according to the Utstein guidelines. 16 CPC was assessed at discharge from hospital and we defined CPC of 1 or 2 as good cerebral outcome after cardiac arrest. CPC was assessed by investigators blinded to previous assessment and patient final outcome. Inter-observer agreement has previously been assessed to be 85−100%. 4 
Statistics
Data are presented as mean±standard deviation (SD) or n (%), and differences were assessed by Student's t-test or χ 2 test, as appropriate. For variables with a non-normal distribution data are presented as median and interquartile ranges and differences were assessed by Wilcoxon signed rank test. Survival analysis was performed by Kaplan−Meier plots and groups were compared with the log-rank test. Survival free from cerebral death was analysed censoring patients experiencing cardiovascular death at time of death. For multivariable modelling, Cox proportional hazards models were applied after checking for underlying assumptions of linearity, proportionality and lack of interactions. Trends in proportions of CPC scores at hospital discharge were evaluated with Cochran−Armitage test for trend in survivors and logistic regression analysis was used in the analysis of CPC scores in all patients (dichotomized into good and unfavourable outcome as previously defined).
All statistical analyses were performed using the SAS statistical software, version 9.1 (SAS Institute, Cary, NC, USA).
Results
Patient population
In the 6-year period, 2004−10, a total of 592 consecutive patients treated by MECU were admitted to Copenhagen University Hospital, Rigshospitalet after OHCA. A total of 113 (19%) patients were considered to be non-cardiac related, while 479 (81%) patients had a suspected cardiac cause of whom 50 (10%) died before admission to the ICU (Figure 1 ). ST-elevations were present in 150 patients (35%, STEMI group), including 19 (13%) patients having a GCS ≥9 and 15 (10%) patients met the criteria for cardiogenic shock and they were therefore excluded from further analysis. The No-STEMI group consisted of 279 patients (65%) with 25 (9%) patients having a GCS ≥9 and 10 (4%) patients were in cardiogenic shock; both groups were excluded from further analysis.
A total of 360 comatose OHCA patients were eligible for final analysis: 116 patients in the STEMI group and 244 patients in the No-STEMI group. Baseline demographic data showed that ventricular fibrillation and the use of therapeutic hypothermia were more frequent in the STEMI group, whereas a history of ischaemic heart disease and heart failure was more common in the No-STEMI group (Table 1) .
In the No-STEMI group, 82 (34%) patients underwent an emergency CAG. No differences in sex, age, witnessed arrest, bystander CPR, or time to ROSC were found between patients with emergency CAG and no emergency CAG within the No-STEMI group. Ventricular fibrillation (90 vs. 68%, p<0.0001) and therapeutic hypothermia (98 vs. 83%, p=0.0009) were more frequent in the group who underwent an emergency CAG whereas median lactate levels at admission were lower (7 vs. 10 mmol/l, p=0.006) and a history of chronic obstructive lung disease (5 vs. 15%, p=0.02) were less prevalent in the group with emergency CAG.
Angiographic data
In the STEMI group all 116 patients underwent an emergency CAG and significant coronary lesions were found in 108 (93%) compared to 43 (52%) patients in the No-STEMI group (p<0.0001). One-vessel disease was more frequent in the STEMI group (49 vs. 22%) compared to the No-STEMI group, while non-significant coronary artery disease or a normal angiography was found in 4% compared to 45%, respectively (p<0.0001). In the No-STEMI group, late CAG was performed in 57 (72%) patients who survived to ICU discharge and regained good cerebral function within 30 days after OHCA. The distribution of coronary vessel disease and results of revascularization is summarized in Table 2 .
There were no differences in the extent of coronary lesions between emergency CAG and late CAG in the No-STEMI group. In the STEMI group, a complete revascularization status (<50% stenosis in vessels >2 mm) assessed at time for emergency CAG/PCI was achieved in 60 (64%) patients, compared to nine (43%) patients in the No-STEMI group (p=0.10). In the No-STEMI group, 10 (48%) patients could not be fully revascularized with PCI in the acute phase.
Survival
Overall 30-day survival was 65% in the STEMI group compared to 58% in the No-STEMI group (p log-rank =0.30). After stratification, 30-day survival according to emergency CAG vs. no emergency CAG was 65% in the STEMI group and 66% and 54% in the No-STEMI group, respectively (p log-rank =0.11, Figure 2A ).
Long-term survival stratified according to emergency CAG vs. no emergency CAG was 63% in the STEMI group and 65 % and 49% in the No-STEMI group, respectively (p log-rank =0.02, Figure 2A insert). A survival analysis in the No-STEMI group stratified according to emergency CAG, assessing survival free of cerebral death, showed survival rates at 30 days of 74 vs. 63%, respectively (p log-rank =0.07, Figure 2B ).
A multivariate logistic analysis in the STEMI and No-STEMI groups showed a tendency of successful PCI to be an independent predictor for hospital survival (OR adjusted =2.1, 95% CI 1.1−4.1, p=0.04), whereas STEMI and emergency CAG were not significant predictors of hospital survival.
In the STEMI group a multivariable analysis showed that age (HR=1.2, 95% CI 1.0−1.4 per 5 year increase, p=0.04), time to ROSC (HR=1.2, 95% CI 1.1−1.2 per 5 min, p=0.0004), and absence of any comorbidities (HR=0.40, 95% CI 0.2−0.8, p=0.01) were independent predictors of 30-day mortality in patients admitted to the ICU (Table 3 ). Adding time period as a covariate in the model did not show any significant effect. Predictors of long-term mortality in a similar model were not different (data not shown).
Multivariable analysis in the No-STEMI group showed that age (HR=1.2, 95% CI 1.1−1.3 per 5 year increase, p<0.0001), witnessed arrest (HR=0.4, 95% CI 0.3−0.7, p=0.0006), bystander CPR (HR=0.6, 95% CI 0.4−0.9, p=0.009), ventricular fibrillation (HR=0.5, 95% CI 0.3−0.7, p=0.0004), and time to ROSC (HR=1.1, 95% CI 1.0−1.2 per 5 min, p=0.04) were all independent predictors of 30-day mortality. The use of emergency CAG in the No-STEMI group was not significantly associated with reduced mortality (HR adjusted =0.69, 95% CI 0.4−1.2, p=0.18). Predictors of long-term mortality were similar as predictors of 30-day mortality (data not shown).
Applying a survival analysis in the No-STEMI group according to models in the PROCAT study assessing the effect of successful PCI, 6 the following long-term hazard ratios were 
Discussion
The present study shows that comatose survivors after OHCA presenting with ST-segment elevation in the ECG have a high prevalence of coronary disease evaluated by emergency CAG and a major proportion have culprit lesions suitable for emergency PCI. In comatose patients presenting without STEMI pattern, an emergency CAG was performed in selected patients (34%) with coronary disease found in 52% and a low likelihood of complete revascularization. By univariate analysis, the use of emergency CAG tended to be associated with improved survival in the No-STEMI group, but emergency CAG may be a cumulative marker of 'total patient prognosis' as emergency CAG was not significantly associated with improved survival in a multivariable analysis. The benefit of an aggressive early invasive strategy can thereby be questioned even in selected comatose patients presenting without STEMI pattern in ECG. However, selection bias cannot be ruled out as emergency CAG could have been performed more frequently in patients with a presumed higher change of survival. A tendency towards reduced cerebral death after emergency CAG ( Figure 2B) indicates that selection bias does play a role. Comatose survivors after OHCA represent a large proportion of OHCA patients (64−86%). 6, 17, 18 In contrast to previous studies, 18−22 this study included only comatose survivors of OHCA regardless of initial rhythm and witnessed arrest to describe the outcome in real-life patients admitted to a tertiary cardiac centre.
STEMI
In agreement with other studies which have reported survival rates of 51−65%, we found a 30-day survival rate of 65% in the STEMI group. However, in contrast to those studies, we only included comatose patients, and the outcome of our population was considerably more favourable than what Gjorup et al. 17 reported in comatose patients with OHCA and STEMI where the survival rate at 6 months was only 26%. Furthermore, treating patients within a wellfunctioning emergency care system focusing on all links in the chain of survival may also have beneficial implications for outcome. 3 Prehospital use of telemedicine in diagnosing STEMI have decreased time delays significantly from OHCA to CAG/PCI compared to No-STEMI patients were telemedicine was not used as frequent. Moreover, No-STEMI patients might experience a delay in the emergency department due to exclusion of differential diagnoses.
Coronary lesions found in the STEMI and No-STEMI group differed in regard of number of diseased vessels and severity of lesions. The STEMI group had an expected high prevalence of significant coronary artery stenosis of 93%, where PCI was attempted in 91%. Similar findings have previously been reported in OHCA patients with STEMI, who all underwent consecutive emergency CAG. 6, 8, 20 Coronary pathology seems to differ according to initial ECG-pattern as 1-vessel disease suitable for PCI attempt and secondary successful PCI was highly frequent in the STEMI group compared to the No-STEMI group. 6, 20 Therefore the outcome and potential benefits of emergency CAG and PCI are hardly comparable in patients presenting with and without STEMI pattern in ECG. The present analysis supports the current guidelines and the use of emergency CAG and PCI in OHCA patients with STEMI since a large proportion of patients have significant lesion well suited for PCI and the overall prognosis is acceptable and the prevalence of important differential diagnoses seem low.
No-STEMI
Overall survival rate was 58% in the No-STEMI group which is in accordance of most studies ranging from 28−64%, although previous studies included all survivors of OHCA disregarding initial rhythm, ECG patterns, and level of consciousness at admission. 21, 23, 24 Significant coronary lesions were found in 43 (52%) patients in the No-STEMI group selected for emergency CAG, in whom PCI was attempted in 24 (56%) patients. If PCI was attempted it was successful in only 15 patients (63%) compared to 88% in STEMI patients. No-STEMI patients may have more irregular lesions without an acute thrombus and thus be more difficult to achieve a successful result with less stenosis and better TIMI flow. In a Parisian study, 435 consecutive survivors after OHCA had emergency CAG, and a similar rate of lesions suitable for PCI and similar rates of successful PCI were found. In patients with non-significant ST-segment elevation they reported significant lesions in 58% and successful PCI in 44%, but the majority (74%) of patients in the Parisian study had lesions unsuitable for PCI or had failed PCI attempts. 6 Consequently only one in five patients with emergency CAG and non-significant ST-segment elevation were revascularized in the acute phase.
Our results suggesting no overall survival benefit of emergency CAG is somewhat contradictory to previous reports of series of OHCA patients which have suggested an association of an early invasive strategy with emergency PCI and a favourable outcome. 6, 19 Also a long-term survival benefit has been reported in a large OHCA registry in patients selected for PCI and/or hypothermia treatment during hospitalization and remained alive at hospital discharge. 25 Furthermore we found that the absolute relative risks between patients undergoing emergency CAG or no emergency CAG were virtually unaffected when censoring patients with cardiovascular deaths. This emphasize that the results must be interpreted with caution due to selection bias.
Recently the PROCAT study found a considerably more favourable outcome with successful PCI; however, 12% of procedures were reported as failures, 50% of which were potentially hazardous complications. 6 These patients were included in the non-PCI group, which will likely lead to an overestimation of the effect of PCI if analysed in an intention-to-treat analysis. The present study found a similar effect of emergency PCI as reported in the PROCAT study, but the association of improved survival and an emergency invasive strategy was weaker and non-significant in an intention-to-treat analysis, even in patients selected for emergency CAG by a high clinical suspicion of coronary lesions.
In the No-STEMI group, emergency CAG was performed in patients at the discretion of the attending cardiologist. However, variables differed significant in prevalence of ventricular fibrillation as initial rhythm and applied therapeutic hypothermia being more frequent in those who underwent emergency CAG. Furthermore chronic obstructive lung disease was more frequent in the group where emergency CAG was not performed. In a previous study only the presence of STEMI or new left bundle branch block was associated with the use of emergency CAG. 20 In comatose patients the cerebral prognosis is uncertain and since ventricular fibrillation and therapeutic hypothermia were more prevalent in the emergency CAG groups and has been associated with improved cerebral outcome a confounding effect of emergency CAG cannot be ruled out. The present study included consecutive patients and found no association with witnessed arrest, bystander CPR or time to ROSC and the probability for emergency CAG being performed in the No-STEMI group, whereas a previous report have excluded comatose patients from emergency CAG when significant brain damage was suspected. 18 In the present study on consecutive patients, we found good cerebral outcome in 94 % among survivors at hospital discharge, which is comparable with previous studies. 1 −3,26 A limitation of the present study is that data on long term neurological outcome, i.e. >6 month post arrest, was not available.
Identifying patients who will benefit from emergency CAG and PCI in the acute setting at admission after OHCA is challenging as electrocardiography and biochemical markers are not sufficiently sensitive to detect acute myocardial ischaemia in all patients. 8, 27 Although significant coronary artery disease is frequently found in routinely performed CAG, their clinical importance is unclear and is only evident to be part of an acute coronary syndrome in minority of patients, when STEMI patients are excluded. 24 Current guidelines emphasize early revascularization when cause of OHCA is suspected to be underlying coronary artery disease, but the evidence supporting emergency CAG in all OHCA patients is weak and it is important that complications associated with emergency CAG and PCI are balanced against the potential benefits that are likely to be marginal in many cases. Thus it remains unclear whether an early invasive strategy is beneficial in the comatose survivors of OHCA. 28 There are no data from randomized trials in comatose survivors of OHCA. In an acute coronary syndrome/non-STEMI trial comparing an immediate vs. delayed intervention strategy, a 1−3% all-cause mortality was found. However a meta-analysis concluded that early catheterization followed by coronary intervention on the first day of hospitalization was safe, but immediate CAG/PCI was not associated with reduced infarct size. 29, 30 A similar 30-day all-cause mortality was found in the TIMACS study comparing early vs. delayed (≥36 hours) intervention in ACS patients/non-STEMI in general, but high-risk patients may still benefit from the early intervention. 31 The relative low mortality rate in these studies concerning acute coronary syndrome must be weighed against an approximately 35% mortality rate in comatose survivors of OHCA where an estimation might be that approximately 70% of deaths are due to severe, irreversible anoxic brain injury. 32 Cerebral protection with therapeutic hypothermia has a higher grade of evidence than emergency CAG and may therefore be given a higher priority; however, in our experience initial cooling induction need not be delayed by emergency CAG/ PCI. Moreover risk of bleeding complications after emergency CAG/PCI may be augmented by hypothermia and contrast infusion might potential cause renal damage if the circulation is compromised due to a sepsis-like-syndrome, which is common in the post-resuscitative phase. 33 A randomized study could be considered to overcome these factors, but as the effects of emergency revascularization in the No-STEMI population is likely to be relatively small in comparison to the hazards of brain injury related deaths in these patients, a randomized study will likely require a very large sample size.
Clinical implications
Studies reporting on prognosis in comatose OHCA patients should stratify patients in STEMI and No-STEMI patient as the prognosis, extent of coronary artery, and potential benefit of emergency PCI is likely to be different in these groups. The data presented here do not provide evidence that an emergency CAG and PCI which should be considered in all patients suspected of having coronary artery disease by current guidelines is of clinical benefit in comatose No-STEMI OHCA survivors. The net clinical benefit of emergency CAG in comatose OHCA survivors without STEMI can only be assessed in prospective randomized studies.
Conclusions
Comatose survivors of OHCA presenting with STEMI have a high prevalence of coronary artery disease and culprit lesions suitable for emergency PCI. In patients without STEMI pattern in ECG, significant coronary stenosis are less frequent with fewer lesions suitable for PCI and therefore clinical benefits of emergency CAG/PCI in No-STEMI patients could not be identified. These findings support an emergency invasive strategy in STEMI patients, whereas the optimal strategy in OHCA patients presenting without specific STEMI pattern ECG is less clear.
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